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same are provided. The forming method may include: pro-
viding a base; forming, on the base, a to-be-etched material
layer, a core maternial layer located on the to-be-etched
material layer, and an HM matenial layer located on the core
materal layer; patterning the HM material layer to form HM
layers; etching the core material layer between adjacent HM
layers, forming a plurality of first grooves exposed from the
to-be-etched material layer, and using the remaining core
material layer as a core layer; and forming a side wall layer
on side walls of the first groove and the HM layer; after the
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material layer; and removing the to-be-etched matenial layer
at the bottom of the first groove and the second groove by

HOIL 21/311 (2006.01) using the side wall layer and the remaining core layer as
HOIL 21/033 (2006.01) masks, to form a target pattern. In embodiments and 1mple-
. mentations of the present disclosure, the pattern precision of
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the first groove and the second groove 1s improved. After the
target pattern 1s formed, the pattern precision of the target
pattern 1s correspondingly improved.
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SEMICONDUCTOR STRUCTURE AND
METHOD FOR FORMING SAME

RELATED APPLICATIONS

The present application claims priority to Chinese Patent

Appln. No. 201910107770.9, filed Feb. 2, 2019, the entire
disclosure of which is hereby incorporated by reference.

BACKGROUND

Technical Field

Embodiments and implementations of the present disclo-
sure relate to the field of semiconductor manufacturing, and
in particular, to a semiconductor structure and a method for
forming same.

Related Art

With the rapid growth of the semiconductor integrated
circuit (IC) industry, process nodes in the semiconductor
technology become increasingly small according to Moore’s
law. Therefore, ICs have increasingly small volumes and
become increasingly precise and complex.

In the development of ICs, generally, functional density
(that 15, the number of interconnected structures per chip)
gradually increases while geometric size (that is, the size of
the smallest component that can be created using process
steps) gradually decreases. Correspondingly, 1C manufac-
turing becomes more diflicult and complex.

Currently, as technological nodes become increasingly
small, 1t becomes challenging to enable a pattern formed on
a waler to better match a target pattern.

SUMMARY

The problem to be addressed by embodiments and imple-
mentations of the present disclosure 1s to provide a semi-
conductor structure and a method for forming the same, to
improve pattern precision.

To address the foregoing problem, one form of the present
disclosure provides a method for forming a semiconductor
structure. The method may include: providing a base; form-
ing, on the base, a to-be-etched material layer, a core
material layer located on the to-be-etched material layer, and
a hard mask (HM) material layer located on the core material
layer; patterming the HM material layer to form a plurality of
discrete HM layers; etching the core material layer between
adjacent HM layers, forming, in the core matenal layer, a
plurality of first grooves exposing the to-be-etched matenal
layer, and using the remaining core material layer as a core
layer; forming a side wall layer on a side wall of the first
groove and a side wall of the HM layer; after the side wall
layer 1s formed, removing the HM layer and the core layer
at the bottom of the HM layer, and forming, in the core layer,
a plurality of second grooves exposing the to-be-etched
matenal layer; and removing the to-be-etched maternial layer
at the bottom of the first groove and the second groove by
using the side wall layer and the remaining core layer as
masks, and forming a target pattern 1n the remaining to-be-
ctched material layer.

Another form of the present disclosure provides a semi-
conductor structure. The semiconductor structure may
include: a base; a to-be-etched material layer, located on the
base; a core layer, located on the to-be-etched material layer,
where a plurality of grooves exposing the to-be-etched
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2

matenial layer are formed in the core layer; HM layers,
arranged discretely on the core layer, where a plurality of
openings are formed between adjacent HM layers, the
opening and the groove are 1n communication, and a side
wall of the opening 1s level with a side wall, located between
adjacent HM layers, of the groove; and a side wall layer,
located on the side wall of the groove and a side wall of the
HM layer.

Compared with the prior art, the technical solutions in the
embodiments and implementations of the present disclosure
have the following advantages.

In some 1implementations of the present disclosure, after
a first groove 1s formed, a side wall layer 1s formed on a side
wall of the first groove and a side wall of an HM layer; after
the side wall layer 1s formed, the HM layer and the core layer
at the bottom of the HM layer are removed, and a plurality
of second grooves exposed from a to-be-etched material
layer are formed in the core layer. Compared with a solution
in which the first groove and the second groove are formed
in a same step, 1n the present disclosure, the first groove and
the second groove are separately formed, so that 1t 1s less
difficult to form the first groove and the second groove, and
the process window 1s 1ncreased (for example, optical prox-
imity elflects are maitigated), thereby ensuring the pattern
precision of the first groove and the second groove. Corre-
spondingly, the to-be-etched material layer at the bottom of
the first groove and the second groove are subsequently
removed, so that after a target pattern 1s formed in the
remaining to-be-etched material layer, the pattern precision
of the target pattern 1s also improved. Moreover, by using the
side wall layer, the first groove 1s further 1solated from the
second groove, so that the pitch between the adjacent first
groove and second groove has the designed minimum space.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 to FIG. 22 are schematic structural diagrams
corresponding to steps 1n one form of a method for forming
a semiconductor structure;

FIG. 23 to FIG. 25 are schematic structural diagrams
corresponding to steps in another form of a method for
forming a semiconductor structure; and

FIG. 26 to FIG. 28 are schematic structural diagrams
corresponding to steps 1n yet another form of a method for
forming a semiconductor structure.

DETAILED DESCRIPTION

As can be seen from the related art, as technological nodes
become 1ncreasingly small, 1t becomes challenging to enable
a pattern formed on a water to better match a target pattern.

It 1s found through research that the pitch between pho-
toresist patterns keeps decreasing as technological nodes
become increasingly small. However, under the influence of
a photolithography process, when the pitch between adja-
cent photolithographic patterns 1s less than a threshold
distance of the photolithography process, the photoresist
patterns tend to deform or distort. When the photoresist
patterns are transferred to a film layer to be patterned to form
a target pattern (for example, an interconnection opening),
pattern precision ol the target pattern 1s correspondingly
reduced.

To address the technical problem, in embodiments and
implementations of the present disclosure, after a {irst
groove 1s formed, a side wall layer 1s formed on a side wall
of the first groove and a side wall of an HM layer. After the
side wall layer 1s formed, the HM layer and a core layer at
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the bottom at the HM layer are removed. A plurality of
second grooves exposing a to-be-etched matenal layer 1s
formed 1n the core layer. Compared with a solution 1n which
the first groove and the second groove are formed 1n a same
step, 1n the present disclosure, the first groove and the
second groove are separately formed, so that 1t 1s less
dificult to form the first groove and the second groove, and
the process window 1s increased (for example, optical prox-
imity elflects are mitigated), thereby ensuring the pattern
precision of the first groove and the second groove. Corre-
spondingly, the to-be-etched material layer at the bottom of
the first groove and the second groove 1s removed, so that
alter a target pattern 1s formed in the remaining to-be-etched
maternial layer, the pattern precision of the target pattern 1s
correspondingly improved. Moreover, by using the side wall
layer, the first groove 1s further isolated from the second
groove, so that the pitch between the adjacent first groove
and second groove has the designed mimmum space.

To make the foregoing objectives, features, and advan-
tages of embodiments and implementations of the present
disclosure more comprehensible, specific embodiments and
implementations of the present disclosure are described
below 1n detail with reference to the accompanying draw-
ngs.

FIG. 1 to FIG. 22 are schematic structural diagrams
corresponding to steps 1 one form of a method for forming
a semiconductor structure.

Referring to FIG. 1, a base 100 1s provided. The base 100
1s used to provide a process platiorm for a subsequent
process. In some implementations, for example, a formed
semiconductor structure 1s a planar transistor. The base 100
includes a substrate (not shown).

Specifically, the substrate 1s a silicon substrate. In other
implementations, the material of the substrate may further
be germanium, silicon-germanium, silicon carbide, gallium
arsenide or indium gallium phosphide, among other mate-
rials. The substrate may further be another type of substrate
such as a silicon-on-insulator substrate or a germanium-on-
insulator substrate.

In other implementations, when the formed semiconduc-
tor structure 1s a fin field-eflect transistor, the base may
correspondingly include a substrate and a fin protruding
from the substrate.

The base 100 may further include another structure such
as a gate structure, a doped region, a shallow trench 1solation
(STI) structure, and a dielectric layer. The gate structure may
be a metal gate structure or a polysilicon gate structure.

In some 1implementations, the base 100 further includes an
inter-layer dielectric layer (not shown) formed on the sub-
strate and a contact (CT) hole plug (not shown) formed 1n
the inter-layer dielectric layer.

Referring to FIG. 1, a to-be-etched material layer 101, a
core material layer 102 located on the to-be-etched material
layer 101, and a first HM matenal layer 103 located on the
core material layer 102 are formed on the base 100.

The to-be-etched material layer 101 1s a material layer
that needs to be patterned subsequently to form a target
pattern.

In some 1mplementations, the to-be-etched material layer
101 1s a stacked structure. The to-be-etched material layer
101 includes a dielectric layer 1135 and a second HM material
layer 116 located on the dielectric layer 115.

The dielectric layer 115 1s used to electrically 1solate
subsequently formed interconnection structures.

In some 1implementations, the dielectric layer 115 1s an
inter metal dielectric (IMD) layer, to provide a process
plattorm for subsequently forming metal interconnection
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structures. The dielectric layer 115 1s further used to elec-
trically 1solate metal interconnection structures 1n a back end
of line (BEOL) process.

Specifically, the dielectric layer 115 1s a first IMD layer 1s
used to electrically 1solate first metal mterconnection lines
(that 1s, M1 layers). The first metal interconnection line 1s a
metal interconnection structure closest to a contact hole
plug.

In other implementations, the dielectric layer may further
be an IMD layer located on the first metal interconnection
line and used to electrically 1solate other interconnection
structures. For example, the dielectric layer 1s a second IMD
layer used to electrically 1solate second metal interconnec-
tion lines and electrically 1solate via structures located
between the second metal interconnection line and the first
metal interconnection line.

Accordingly, the material of the dielectric layer 115 1s a
low k dielectric material (the low k dielectric matenal 1s a
dielectric material having a relative dielectric constant
greater than or equal to 2.6 and less than or equal to 3.9), an
ultra-low k dielectric material (the ultra-low k dielectric
material 1s a dielectric material having a relative dielectric
constant less than 2.6), silicon oxide, silicon nitride, silicon
oxynitride or the like.

In some implementations, the material of the dielectric
layer 115 1s an ultra-low k dielectric matenial, to reduce a
parasitic capacitance between BEOL metal interconnection
structures, thereby reducing a BEOL RC delay. Specifically,
the ultra-low k dielectric material may be S1OCH.

In other implementations, the dielectric layer may further
be an inter-layer dielectric layer, to provide a process
platform for subsequently forming a contact hole plug. The
inter-layer dielectric layer 1s further used to isolate adjacent
contact hole plugs and 1solate the contact hole plug from a
gate structure.

The second HM material layer 116 forms a second HM
layer after a subsequent patterning process 1s performed, to
provide a mask for subsequently patterning the dielectric
layer 115.

The matenal of the second HM matenal layer 116 may
include one or more of silicon oxide, silicon nitride, silicon
oxynitride, silicon carbide, titanium, titammum oxide, tita-
nium nitride, tantalum, tantalum oxide, tantalum nitride,
boron nitride, copper nitride, aluminum nitride, and tungsten
nitride.

In some 1mplementations, the dielectric layer 115 1s an
IMD layer. Theretfore, the second HM material layer 116 1s
a metal HM (MHM) matenal layer. Specifically, the material
of the second HM material layer 116 1s titanium nitride. The
titanium nitride 1s a common MHM layer material mn a
BEOL process, and helps to improve the process compat-
ibility.

The core material layer 102 1s used to provide a process
basis for subsequently forming a core layer.

The matenal of the core material layer 102 may be silicon,
silicon nitride, silicon oxide or titanium oxide. In some
implementations, the material of the core material layer 102
1s silicon.

The first HM material layer 103 1s used to provide a
process basis for subsequently forming a patterned first HM
layer, to provide an etching mask for patterning the core
material layer 102.

The material of the first HM material layer 103 1s different
from the material of the core material layer 102. In some
implementations, the material of the first HM matenal layer
103 is silicon nitride. An etching selection ratio of silicon
nitride to silicon 1s relatively large, so that it can be ensured
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that the subsequently formed first HM layer can be used as
an etching mask for patterning the core matenal layer 102.

In other implementations, the material of the first HM
material layer may alternatively be another material of
which an etching selection ratio to the material of the core
material layer 1s relatively high.

A subsequent process may further include: patterning the
first HM matenial layer 103 to form the first HM layer,
patterning the core material layer 103 to form the core layer,
and forming, 1n the core layer, a plurality of first grooves
exposing the to-be-etched material layer 101; and forming a
side wall layer on side walls of the first groove and the first
HM layer, where the side wall layer 1s used as a mask for
subsequently patterning the to-be-etched material layer 101.
Therefore, the total thickness of the first HM matenal layer
103 and the core material layer 102 should not be exces-
sively small. Otherwise, the side wall layer formed on the
side walls of the first groove and the first HM layer 1s
correspondingly excessively short. As a result, the side wall
layer tends to fail to serve as an etching mask for subse-
quently patterning the to-be-etched material layer 101. The
total thickness of the first HM material layer 103 and the
core material layer 102 should not be excessively large
either. Otherwise, process materials tend to be wasted.
Correspondingly, it also takes a relatively long time to
pattern the first HM matenal layer 103 and the core matenal
layer 102, and production capacity may be reduced as a
result. Moreover, after the side wall layer 1s formed subse-
quently, the first HM layer and the core layer at the bottom
of the first HM layer are further removed. If the total
thickness 1s excessively large, correspondingly, the side wall
layer 1s excessively high as a result, and the side wall layer
1s more likely to collapse. Accordingly, in some implemen-
tations, the total thickness of the first HM matenal layer 103
and the core material layer 102 1s 400 angstroms to 1000
angstroms.

Specifically, to ensure subsequent normal pattern transfer
and improve the precision of pattern transfer, the thickness
of the first HM material layer 103 1s 200 angstroms to 700
angstroms, and the thickness of the core material layer 102
1s 200 angstroms to 700 angstroms.

In some 1mplementations, after the to-be-etched matenal
layer 101 1s formed on the base 100, and before the core
matenal layer 102 1s formed on the to-be-etched matenal
layer 101, the method further includes: forming an etch stop
layer 114 (as shown in FIG. 1) on the to-be-etched material
layer 101.

Subsequently, the core material layer 102 1s patterned 1n
different steps, so that the first groove and a second groove
that expose the to-be-etched material layer 101 are sepa-
rately formed. The etch stop layer 114 can define an etch
stop position in the step of forming the first groove and the
second groove, so that while 1t 1s ensured that both the first
groove and the second groove can expose the to-be-etched
maternal layer 101, the loss of the to-be-etched material layer
101 1s reduced.

In some implementations, the material of the etch stop
layer 114 1s silicon oxide. Selection ratios of silicon oxide to
both silicon nitride and silicon are relatively high, so that it
can be ensured that the etch stop layer 114 can define an etch
stop position 1 the subsequent step of etching the core
material layer 102.

In other implementations, according to the materials of
the core material layer used 1n an actual process and the
subsequent formed side wall layer, the material of the etch
stop layer may alternatively be another material of which
selection ratios to the materials of the core matenal layer, the
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side wall layer, and the to-be-etched material layer are
relatively high, and 1s, for example, silicon nitride, silicon
carbide, aluminum oxide or nitride doped carbon (NDC).
Referring to FIG. 2 to FIG. 5, the first HM material layer
103 (as shown in FIG. 1) 1s patterned, and a plurality of

discrete first HM layers 107 (as shown 1n FIG. 5) are formed.

The first HM layer 107 1s used to define a formation
region for the second groove that 1s subsequently formed in
the core matenial layer 102. A region between adjacent first
HM layers 107 1s further used to define a partial formation
region for the subsequent first groove. Moreover, the first
HM layer 107 1s further used to provide a process platiorm
for subsequently forming the side wall layer.

Accordingly, the topography, size, and formation position
of the first HM layer 107 are determined according to the
topographies, sizes, and formation positions of the first
groove and the second groove, that 1s, determined according
to an IC design.

In some implementations, extension directions of the
plurality of first HM layers 107 are the same, and 1n a
direction perpendicular to the extension direction of the first
HM layer 107, the plurality of first HM layers 107 are
arranged 1n parallel.

Specifically, the step of patterning the first HM material
layer 103 includes the following step.

FIG. 2 1s a top view, and FIG. 3 1s a sectional view 1n a
direction AA1 1n FIG. 2. A first pattern layer 106 1s formed
on the first HM material layer 103.

The first pattern layer 106 1s used as a mask for patterning
the first HM material layer 103.

In some implementations, the maternial of the first pattern
layer 106 1s a photoresist, and a process of forming the first
pattern layer 106 1s correspondingly a photolithography
Process.

With reference to FIG. 3, in some implementations, the
method turther includes: before the first pattern layer 106 1s
formed on the first HM matenial layer 103, forming a first
flattened layer 104 on the first HM material layer 103; and
forming a first anti-reflective coating 105 on the {first tlat-
tened layer 104. The first pattern layer 106 1s correspond-
ingly formed on the first anti-reflective coating 105.

The first flattened layer 104 1s used to provide a flat
surface for forming the first pattern layer 106, thereby
improving the pattern precision of the first pattern layer 106,
so that the topography, size, and formation position of the
first pattern layer 106 satisiy process requirements. In some
implementations, the material of the first flattened layer 104
1s a spin-on-carbon (SOC) material.

In other implementations, the material of the first flattened
layer 104 may further be an organic dielectric layer (ODL)
material or a deep ultraviolet light absorbing oxide (DUQO)
material.

The first anti-retlective coating 105 1s used to mitigate a
reflection effect during exposure, thereby improving the
precision of pattern transfer. In some 1mplementations, the
first anti-reflective coating 105 1s a S1-ARC layer. The
S1-ARC layer helps to increase the exposure depth of field
(DOF) during a photolithography process, thereby helping
to 1mprove exposure uniformity. Moreover, the S1-ARC
layer 1s rich 1n silicon, and therefore further helps to increase
the hardness of the first anti-reflective coating 103, thereby
helping to further improving the precision of pattern trans-
fer.

In other implementations, the first anti-reflective coating
may further be another suitable anti-retlective material, for
example, a bottom anti-retlective coating (BARC) matenal.
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FIG. 4 1s a top view, and FIG. 5 1s a sectional view 1n a
direction AA1 1n FIG. 4. The first HM material layer 103 (as
shown 1n FIG. 3) 1s etched by using the first pattern layer 106
(as shown 1n FIG. 3) as a mask.

After the first HM material layer 103 is patterned to form >
the first HM layer 107 (as shown 1n FIG. 5), a plurality of

openings 200 (as shown i FIG. 5) are formed between
adjacent first HM layers 107, so as to provide a process basis
for subsequently etching the core material layer 102 between
adjacent first HM layers 107.

In some implementations, the first HM material layer 103
1s etched by using a dry etching process. The dry etching
process has an anisotropic etching characteristic, thereby
improving the precision of pattern transier.

In some 1implementations, the first flattened layer 104 and
the first anti-reflective coating 105 located on the first
flattened layer 104 are further formed on the first HM
material layer 103. Theretfore, before the HM material layer
103 1s etched, the method further includes: sequentially ¢
ctching the first anti-reflective coating 105 and the first
flattened layer 104 using the first pattern layer 106 as a mask.

In some 1mplementations, 1n the step of etching the first
HM material layer 103, the first pattern layer 106 and the
first anti-retlective coating 105 are gradually consumed and 25
are eventually completely etched away.

Correspondingly, after the first HM layer 107 1s formed,
the forming method further includes: removing the first
flattened layer 104. Specifically, the first flattened layer 104
may be removed by using a dry or wet etching process.

Referring to FIG. 6 to FIG. 9, the core material layer 102
between adjacent first HM layers 107 1s etched (as shown 1n
FIG. 5), a plurality of first grooves 400 exposing the
to-be-etched material layer 101 are formed in the core
matenal layer 102 (as shown 1n FIG. 9), and the remaining
core material layer 102 1s used as a core layer 111 (as shown
in FIG. 9).

The first groove 400 1s used to provide a process platform
for subsequently forming the side wall layer. The first 4
groove 400 1s further used to define a partial region to be
ctched i1n the to-be-etched material layer 101. Specifically,

the first groove 400 exposes the second HM matenal layer
116.

Moreover, the position of an opening 200 (as shown in 45
FIG. 5) formed between adjacent first HM layers 107 1s used
to define a partial formation region of the first groove 400.
Theretore, the first groove 400 1s formed by etching the core
material layer 102 between adjacent first HM layers 107, so
that 1t 1s less diflicult to form the first groove 400, and the 50
process window 1s 1ncreased.

Specifically, the step of etching the core material layer
102 between adjacent first HM layers 107 includes the
following steps.

FIG. 6 1s a top view, and FIG. 7 1s a sectional view 1n a 55
direction AA1 i FIG. 6. A second flattened layer 108 1s
formed on the core material layer 102 exposed from the first
HM layer 107. The second flattened layer 108 covers the top
of the first HM layer 107. A second pattern layer 110 1s
tformed on the second flattened layer 108. The second pattern 60
layer 110 has a plurality of opening patterns 300, and a side
wall of an opening pattern 300 located between adjacent first
HM layers 107 1s level with a side wall of the opening 200.

The second pattern layer 110 1s used as a mask for
subsequently etching the core matenal layer 102 to form the 65
first groove. Therefore, the topography, size, and formation
position of the second pattern layer 110 are determined
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according to the topography, size, and formation position of
the first groove, that 1s, determined according to an IC
design.

The second flattened layer 108 1s used to provide a flat
surface for forming the second pattern layer 110.

In some 1implementations, aiter the second flattened layer
108 1s formed, and before the second pattern layer 110 1s
formed, the method further includes: forming a second
anti-reflective coating 109 on the second flattened layer 108.

The second anti-reflective coating 109 1s used to mitigate
a retlection effect i an exposure step of forming the second
pattern layer 110.

Refer to the foregoing description of the first pattern layer
106, the first flattened layer 104 for the detailed description
of the second pattern layer 110, the second flattened layer
108, the second anti-reflective coating 109, and the first
anti-reflective coating 1035, and details are not described
herein again.

It should be noted that in other implementations, an
opening pattern located between adjacent HM layers
exposes the second flattened layer above the opening and
above a part of the top of first HM layers on two sides of the
opening. That 1s, the size of the opening pattern 1s greater
than the size of the opening, so that 1t 1s less dithcult to form
the second pattern layer, and the process window 1s
increased.

FIG. 8 1s a top view, and FIG. 9 1s a sectional view 1n a
direction AA1 1n FIG. 8. The second anti-reflective coating
109, the second flattened layer 108, and the core material
layer 102 are sequentially etched along the opening pattern
(as shown in FIG. 300).

In some 1implementations, the second anti-reflective coat-
ing 109, the second tlattened layer 108, and the core material
layer 102 are sequentially etched by using a dry etching
process, so that the cross section of the first groove 400
satisfies process requirements.

Because a selection ratio of the first HM layer 107 to the
core material layer 102 1s relatively high, 1f the side wall of
the opening pattern 300 1s not level with the side wall of the
opening 200, that 1s, 1f the opening pattern 300 exposes the
second flattened layer 108 above the opening 200 and above
a part of the top of the first HM layers 107 on two sides of
the opening 200, the first HM layer 107 can produce a
blocking effect 1n the process of etching the core material
layer 102, so that only the core matenal layer 102 between
adjacent first HM layers 107 1s etched.

In some 1implementations, 1n the step of etching the core
material layer 102, the second pattern layer 110 and the
second anti-retlective coating 109 are gradually consumed
and are eventually completely etched away.

Therefore, FIG. 10 1s a top view, and FIG. 11 1s a sectional
view 1n a direction AA1 in FIG. 10. After the first groove 400
1s formed, the forming method further includes: removing
the second flattened layer 108 to expose the first HM layer
107, so as to provide a process platiorm for subsequently
forming the side wall layer on side walls of the first groove
400 and the first HM layer 107.

It should be noted that with reference to FIG. 10, in some
implementations, for example, the top-view pattern of the
first groove 400 1s rectangular. An extension direction of the
first groove 400 1s the same as the extension direction (the
direction X shown 1n FIG. 10) of the first HM layer 107. In
the extension direction of the first HM layer 107, the length
of the first groove 400 1s greater than the length of the first
HM layer 107. Moreover, the widths (in the direction Y
shown 1n FIG. 10) of the first grooves 400 are all equal.
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However, the formation position, size, and topography of
the first groove 400 are not only limited to the foregoing
cases. In other implementations, according to actual require-
ments of an IC design, the top-view pattern of the first
groove may further have an irregular shape. For example, 1n
the direction Y 1n FIG. 10, compared with a part of the first
groove located between adjacent first HM layers, the
remaining first groove in another region has a larger waidth.
Alternatively, two ends of adjacent first grooves are con-
nected. That 1s, the first groove surrounds the first HM layer.
The side wall layer 1s subsequently formed on the side walls
of the first groove and the first HM layer, and after the first
HM layer and the core layer at the bottom of the first HM
layer are removed to form the second grooves, the first
groove and the second groove can also be 1solated by the
side wall layer. Subsequently, pattern transfer 1s performed
to form an interconnection opening in the dielectric layer.
After interconnection structures are formed 1n the intercon-
nection opening, adjacent interconnection structures can
also be 1solated from each other, so as to prevent the
interconnection structures from short circuiting.

FIG. 12 1s a top view, and FIG. 13 1s a sectional view in
a direction AA1 1 FIG. 12. A side wall layer 112 1s formed
on the side wall of the first groove 400 and the side wall of
the first HM layer 107.

A subsequent process further includes: removing the first
HM layer 107 and the core layer 111 at the bottom of the first
HM layer 107, and forming, 1n the core layer 111, a plurality
ol second grooves exposing the to-be-etched material layer
101, where the first groove 400 1s formed 1n the foregoing
step. Compared with a solution 1n which the first groove and
the second groove are formed in a same step, 1n some
implementations of the present disclosure, the first groove
400 and the second groove are separately formed, so that 1t
1s less difficult to form the first groove 400 and the second
groove, and the process window 1s increased (for example,
optical proximity effects are mitigated), thereby ensuring the
pattern precision of the first groove 400 and the second
groove. Correspondingly, the to-be-etched material layer
101 at the bottom of the first groove 400 and the second
groove 1s subsequently removed, so that after a target pattern
1s formed in the remaining to-be-etched matenal layer 101,
the pattern precision of the target pattern 1s also improved.
Moreover, by using the side wall layer 112, the first groove
400 1s further 1solated from the second groove, so that the
pitch between the adjacent first groove 400 and second
groove has the designed minimum space.

The matenal of the side wall layer 112 may be titanium
oxide, titanium nitride or silicon oxide. In some 1implemen-
tations, the material of the side wall layer 112 1s titantum
oxide. Etching selection ratios of titantum oxide to silicon,
s1licon nitride, and S1OCH are all relatively large. The side
wall layer 112 can be kept in the subsequent step of
removing the first HM layer 107 and the core layer 111 at the
bottom of the first HM layer 107. Subsequently, the to-be-
ctched material layer 101 at the bottom of the first groove
400 and the second groove can be removed by using the side
wall layer 112 and the remaining core layer 111 as masks.

Specifically, the step of forming the side wall layer 112
includes: forming a side wall material layer (not shown),
where the side wall material layer conformally covers the
bottom and the side wall of the first groove 400, the top and
the side wall of the first HM layer 107, and the top of the
core layer 111 exposed from the first HM layer 107; remov-
ing the side wall material layer located at the bottom of the
first groove 400, the top of the first HM layer 107, and the
top of the core layer 111 exposed from the first HM layer
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107. The remaining side wall material layer located on the
side wall of the first groove 400 and the side wall of the first
HM layer 107 are kept as the side wall layer 112.

In some 1mplementations, the side wall matenial layer 1s
formed using an atomic layer deposition process. The atomic
layer deposition process 1s chosen to help to improve the
thickness uniformity of the side wall material layer, so that
the thickness of the side wall layer 112 can be precisely
controlled. Moreover, the atomic layer deposition process
has desirable spacing filling performance and step coverage
performance, so that the conformal coverage capability of
the side wall material layer 1s correspondingly improved. In
other implementations, according to an actual process, the
side wall material layer may further be formed by using a
chemical vapor deposition process.

Correspondingly, in some implementations, because the
side wall material layer conformally covers the bottom and
the side wall of the first groove 400, the top and the side wall
of the first HM layer 107, and the top of the core layer 111
exposed from the first HM layer 107, in some implementa-
tions, the side wall material layer located at the bottom of the
first groove 400, the top of the first HM layer 107, and the
top of the core layer 111 exposed from the first HM layer 107
may be removed using a maskless etching process. A mask
does not need to be used 1n the step of forming the side wall
layer 112, so that process costs are reduced.

Specifically, the maskless etching process 1s performed
using a maskless dry etching process. The dry etching
process has an anisotropic etching characteristic, so that
while 1t 1s ensured that the side wall material layer located
at the bottom of the first groove 400, the top of the first HM
layer 107, and the top of the core layer 111 exposed from the
first HM layer 107 are completely removed, damage
inflicted to the structure of other film layers 1s reduced.
Moreover, the side wall layer 112 1s favorably prevented
from becoming thinner because the side wall material layer
1s transversely etched, thereby ensuring that the side wall
layer 112 can serve as an etching mask i the subsequent
step of forming a target pattern.

Referring to FIG. 14 to FIG. 19, after the side wall layer
112 are formed, the first HM layer 107 and the core layer 111
at the bottom of the first HM layer 107 are removed, and a
plurality of second grooves 500 (as shown in FIG. 19)
exposing the to-be-etched matenal layer 101 are formed 1n
the core layer 111.

The second groove 500 1s used to define a remaining
region to be etched subsequently 1n the to-be-etched material
layer 101.

As can be known from the foregoing analysis, the first
groove 400 and the second groove 300 are separately formed
in different steps in some 1mplementations. Therefore, both
the first groove 400 and the second groove 500 have
relatively high pattern precision, and the pattern precision of
a subsequently formed target pattern 1s correspondingly
improved.

Moreover, by using the side wall layer 112, the first
groove 400 1s 1solated from the second groove 500, and the
pitch between the adjacent first groove 400 and second
groove 500 easily has the designed minimum space.

The step of forming the second groove 300 1n some
implementations 1s described below 1n detail with reference
to the accompanying drawings.

FIG. 14 15 a top view, and FIG. 15 1s a sectional view 1n
a direction AA1 in FIG. 14. A passivation layer 113 1is
tormed on the first HM layer 107, the core layer 111 exposed
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from the side wall layer 112, and the to-be-etched material
layer 101, the passivation layer 113 exposes the top of the
first HM layer 107.

The passivation layer 113 1s used to protect the core layer
111 that 1s not covered by the side wall layer 112 and the first
HM layer 107 and the to-be-etched material layer 101 1n the
subsequent step of removing the first HM layer 107 and the
core layer 111 at the bottom of the first HM layer 107.

In some implementations, the material of the passivation
layer 113 1s SOC, so that the process of forming and
subsequently removing the passivation layer 113 becomes
less difficult, and the semiconductor structure 1s less aflected
by the passivation layer 113.

In other implementations, the material of the passivation
layer may further be an ODL material, a BARC material, a
DUO matenal or a dielectric anti-reflective coating (DARC)
material.

Specifically, the step of forming the passivation layer 113
includes: forming a passivation material layer (not shown)
on the side wall layer 112 and the core layer 111 exposed
from the first HM layer 107. The passivation material layer
1s filled 1n the first groove 400 and covers the top of the first
HM layer 107. The passivation material layer 1s etched back
by a partial thickness, and the remaining passivation mate-
rial layer 1s kept as the passivation layer.

In some implementations, the passivation material layer 1s
formed by using a spin coating process. The spin coating
process 1s simple and readily operable, and helps to improve
the process compatibility and production capacity.

In some 1implementations, by using a dry etching process,
the passivation maternial layer i1s etched back by a partial
thickness, so that the removal thickness of the passivation
material layer can be precisely controlled.

As shown 1n FIG. 16 to FIG. 19, the first HM layer 107
and the core layer 111 at the bottom of the first HM layer 107
are sequentially removed by using the passivation layer 113
and the side wall layer 112 as masks, and the second groove
500 (as shown 1n FIG. 19) exposing the to-be-etched mate-
rial layer 101 1s formed 1n the core layer 111.

In some 1implementations, after the first HM layer 107 1s
removed, the exposed core layer 111 1s a region to be etched.
Compared with a solution 1n which a photolithography
process 1s directly used to form a pattern layer and the
pattern layer 1s then used as a mask to pattern the core layer
to form the second groove, a mask does not need to be used
in the step of forming the second groove 500 in some
implementations, thereby reducing process costs. Moreover,
the region to be etched 1n the core layer 111 may be exposed
by removing the first HM layer 107, so that the process of
tforming the second groove 500 becomes less difficult, and
the process window 1s increased.

FIG. 16 1s a top view, and FIG. 17 1s a sectional view in
a direction AA1 1n FIG. 16. In some implementations, the
material of the first HM layer 107 1s silicon nitride. A wet
etching process 1s used to remove the first HM layer 107.
Specifically, a phosphonic acid solution 1s used to perform
the wet etching process. The wet etching process 1s a
common etching process for removing silicon nitride, and
has a relatively low process risk and a relatively high
removal rate.

In other implementations, when the material of the first
HM layer 1s silicon, the first HM layer may be removed
using a dry etching process (for example, a plasma etching,
process) or a wet etching process (for example, a TMAH
solution or an AMMONIA solution 1s used to perform the
wet etching process). In other implementations, when the
material of the first HM layer 1s another material, a suitable
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etching process 1s correspondingly selected to remove the
first HM layer. The TMAH solution 1s a mixed solution that
contains tetramethylammonium hydroxide and water, and
the AMMONIA solution 1s a mixed solution of ammonium
hydroxide and water.

With reference to FIG. 18 to FIG. 19, 1n some implemen-
tations, the material of the core layer 111 1s silicon. After the
first HM layer 107 1s removed, the core layer 111 between
adjacent side wall layers 112 1s removed by using a dry
etching process.

The dry etching process 1s chosen to help to improve the
quality of the cross section of the formed second groove 500.

Referring to FIG. 18 to FIG. 19, 1t should be noted that the
method may further include: after the second groove 500 1s
formed, removing the passivation layer 113 to expose the
first groove 400 and the to-be-etched matenial layer 101 at
the bottom of the first groove 400, so as to provide a process
basis for subsequently removing the to-be-etched material
layer 101 at the bottom of the first groove 400 and the second
groove 500. Specifically, the passivation layer 113 1s
removed using a dry etching process or an ashing process.

FIG. 20 15 a top view, and FIG. 21 1s a sectional view 1n
a direction AA1 1n FIG. 20. The to-be-etched material layer
101 at the bottom of the first groove 400 and the second
groove 500 are removed using the side wall layer 112 and
the remaining core layer 111 as masks, and a target pattern
1s formed in the remaining to-be-etched matenial layer 101.

After the to-be-etched material layer 101 at the bottom of
the first groove 400 and the second groove 500 1s removed,
the patterns of the first groove 400 and the second groove
500 are transferred to the remaining to-be-etched material
layer 101 to form a target pattern. The first groove 400 and
the second groove 500 have relatively high pattern preci-
sion, so that the pattern precision of the target pattern 1s
correspondingly improved.

In some 1implementations, the to-be-etched material layer
101 includes the dielectric layer 115 and the second HM
material layer 116 located on the dielectric layer 115.
Therefore, the step of forming the target pattern in the
remaining to-be-etched material layer 101 includes: remov-
ing the second HM matenial layer 116 at the bottom of the
first groove 400 and the second groove 500 using the side
wall layer 112 and the remaining core layer 111 as masks,
and forming a mask opening 550 in the remaining second
HM material layer 116, where the remaining second HM
material layer 116 1s used as a second HM layer 117; etching
the dielectric layer 115 along the mask opening 550 using
the second HM layer 117 as a mask, and forming a plurality
of interconnection openings 600 1n the dielectric layer.
Correspondingly, the pattern precision of the mask opening
550 and the interconnection opening 600 1s also improved.

In some 1mplementations, aiter the second HM material
layer 116 1s formed, the side wall layer 112 and the remain-
ing core layer 111 are kept, so that the side wall layer 112
and the remaining core layer 111 continue to serve as masks
for etching the dielectric layer 1185.

Therefore, after the interconnection opening 600 1s
formed, the method further includes: removing the side wall
layer 112 and the remaining core layer 111.

In other implementations, the side wall layer and the
remaining core layer may alternatively be removed after the
second HM layer 1s formed.

It should be noted that the etch stop layer 114 1s formed
on the second HM material layer 116. Theretfore, the method
turther includes: before the second HM material layer 116 at
the bottom of the first groove 400 and the second groove 500
1s removed, removing the etch stop layer 114 at the bottom
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of the first groove 400 and the second groove 500. Corre-
spondingly, after the interconnection opening 600 1s formed,
the method further includes: removing the remaining etch
stop layer 114.

In some implementations, the side wall layer 112, the
remaining core layer 111, and the remaiming etch stop layer
114 are removed using a dry etching process. By adjusting
parameters of the dry etching process, the side wall layer
112, the remaiming core layer 111, and the remainming etch
stop layer 114 can be removed on the same etching machine.

FIG. 22 1s a top view based on FIG. 20. The forming
method further includes: forming an interconnection struc-

ture 121 in the interconnection opening 600 (as shown in
FIG. 21).

The interconnection opening 600 has relatively high pat-
tern precision, so that the topography and layout of the
interconnection structure 121 satisly design requirements,
and the performance of the mterconnection structure 121 1s
correspondingly improved.

In some implementations, the interconnection structure
121 1s a metal interconnection line 1 a BEOL process.

As the circuit integration level increases, 1t becomes
increasingly complex to design BEOL metal wiring, and the
pitch between adjacent metal interconnection lines keeps
decreasing. By using the foregoing manner of forming the
first groove 400 and the second groove 500, the formation
quality and performance of the metal interconnection lines
are significantly improved, so that while adjacent metal
interconnection lines become less likely to short circuit, the
pitch between adjacent metal interconnection lines has the
designed minimum space, thereby improving the perfor-
mance and reliability of the semiconductor structure. Spe-
cifically, the metal interconnection line 1s a first metal (M1)
interconnection line.

In other implementations, when the dielectric layer 1s an
inter-layer dielectric layer, the mterconnection structure is
correspondingly a contact hole plug.

It should be noted that the process of forming the inter-
connection structure 121 usually mcludes a flattening treat-
ment step. In some implementations, the second HM layer
117 (as shown in FIG. 21) 1s removed 1in the flattening
treatment step. In other implementations, the second HM
layer may alternatively be removed before the interconnec-
tion structure 1s formed.

FIG. 23 to FIG. 25 are schematic structural diagrams
corresponding to steps in other implementations of a method
for forming a semiconductor structure.

For the same content 1n some implementations and the
foregoing embodiment, details are not described herein
again. A diflerence between some implementations and the
foregoing embodiment lies in that the formation position,
s1ze, and topography of a first groove 400q are different from
those 1n the foregoing embodiment.

Referring to FIG. 23, after the first groove 400a exposing
an etch stop layer 114qa 1s formed 1n a core layer 111a, 1n a
direction perpendicular to an extension direction of a first
HM layer 107a, for a same first groove 400a, compared with
a part located between adjacent first HM layers 107a, the
remaining part has a larger width.

In some implementations, the first groove 400q 1s not only
located between adjacent first HM layers 1074a, but also 1n
the extension direction of the first HM layer 107qa, the first
groove 400a extends to two sides of the first HM layer 107a,
that 1s, the first groove 400a surrounds a part of a side wall
of the first HM layer 107a, to satisiy actual requirements of
an IC design.
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Reterring to FIG. 24, a side wall layer 112a 1s formed on
a side wall of the first groove 400a and the side wall of the
first HM layer 107a.

After the first HM layer 107a and the core layer (not
shown) at the bottom of the first HM layer 107a are
subsequently removed to form the second grooves, the first
groove 400a and the second groove can be 1solated by the
side wall layer 112a.

Subsequent steps are the same as those 1n the foregoing
implementations, and details are not described herein again.

Correspondingly, FIG. 25 1s a schematic diagram of
forming an interconnection structure 121a¢ 1n an intercon-
nection opening i1n a dielectric layer 1154, and adjacent
interconnection structures 121q are 1solated from each other,
thereby preventing the interconnection structure 121a from
short circuiting. Moreover, the pitch between adjacent inter-
connection structures 121a still easily has the designed
minimum space. In addition, the layout of the interconnec-
tion structure 121a can satisiy requirements of an IC design.

FIG. 26 to FIG. 28 are schematic structural diagrams
corresponding to steps 1n yet other implementations of a
method for forming a semiconductor structure.

For the same content 1n some implementations and the
foregoing embodiment, details are not described herein
again. A difference between presently described implemen-
tations and implementations described above lies in that the
formation position, size, and topography of a first groove

4006 are different from those i1n the implementations
described above.

Referring to FIG. 26, after the first groove 4005 exposing
an etch stop layer 1145 1s formed 1n a core layer 1115, 1n a
direction perpendicular to an extension direction of a {first
HM layer 1075, after the first groove 4005 exposing the etch
stop layer 1146 1s formed, 1n a same {first groove 4000,
compared with a part located between adjacent first HM
layers 1075, the remaining part has a larger width. More-
over, two ends of adjacent first grooves 4005 are connected.
That 1s, the first groove 40056 surrounds the first HM layer
1075.

The first groove 40056 surrounds the first HM layer 1075,
so as to satisly actual requirements of an IC design.

Referring to FIG. 27, a side wall layer 1125 1s formed on
a side wall of the first groove 40056 and a side wall of the first
HM layer 1075.

After the first HM layer 1075 and the core layer (not
shown) at the bottom of the first HM layer 1075 are
subsequently removed to form the second grooves, the first
groove 40056 and the second groove can also be 1solated by
the side wall layer 1125b.

Subsequent steps are the same as those 1n the foregoing
implementations, and details are not described herein again.

Correspondingly, FIG. 27 1s a schematic diagram after an
interconnection structure 1215 1s formed 1n an interconnec-
tion opening in a dielectric layer 115b. Adjacent intercon-
nection structures 1215 can still be 1solated from each other,
thereby preventing the interconnection structure 1215 from
short circuiting. Moreover, the pitch between adjacent inter-
connection structures 1215 easily has the designed minimum
space. In addition, the layout of the imnterconnection structure
1215 can satisiy requirements of an IC design.

The present disclosure further provides a semiconductor
structure. FIG. 12 and FIG. 13 are schematic structural
diagrams of an embodiment of a semiconductor structure

according to the present disclosure. FIG. 12 1s a top view,
and FIG. 13 1s a sectional view 1n a direction AA1 in FIG.
12.
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The semiconductor structure includes: a base 100; a
to-be-etched maternial layer 101, located on the base 100; a
core layer 111, located on the to-be-etched material layer
101, where a plurality of grooves 400 exposing the to-be-
ctched material layer 101 are formed in the core layer 111;
a first HM layer 107, arranged discretely on the core layer
111, where a plurality of opemings 200 are formed between
adjacent first HM layers 107, the opening 200 and the
groove 400 are 1n commumnication, and a side wall of the

opening 200 1s level with a side wall, located between
adjacent first HM layers 107, of the groove 400; and a side

wall layer 112, located on the side wall of the groove 400
and a side wall of the first HM layer 107.

In some 1implementations, a first groove 1s defined for the
groove 400, and a subsequent process further includes:
removing the first HM layer 107 and the core layer 111 at the
bottom of the first HM layer 107, and forming, in the core
layer 111, a plurality of second grooves exposing the to-be-
ctched material layer 101. Compared with a solution 1n
which the first groove and the second groove are formed in
a same step, 1n some 1mplementations of the present disclo-
sure, the first groove 400 and the second groove are sepa-
rately formed, so that it 1s less difficult to form the first
groove 400 and the second groove, and the process window
1s increased (for example, optical proximity eflects are
mitigated), thereby ensuring the pattern precision of the first
groove 400 and the second groove. Correspondingly, the
to-be-etched matenal layer 101 at the bottom of the first
groove 400 and the second groove 1s subsequently removed,
so that after a target pattern 1s formed in the remaining
to-be-etched material layer 101, the pattern precision of the
target pattern 1s also improved. Moreover, by using the side
wall layer 112, the first groove 400 i1s isolated from the
second groove, so that the pitch between the adjacent first
groove 400 and second groove has the designed minimum
space.

In addition, the core layer 111 exposed after the first HM
layer 107 1s subsequently removed 1s a region to be etched,
so that 1t 15 less diflicult to form the second groove, and the
process window 1s 1ncreased.

The base 100 1s used to provide a process platiorm for
forming the semiconductor structure. In some 1mplementa-
tions, for example, the semiconductor structure 1s a planar
transistor, and the base 100 includes a substrate (not shown).

Specifically, the substrate 1s a silicon substrate. In other
implementations, the material of the substrate may further
be germanium, silicon-germanium, silicon carbide, gallium
arsenide, indium gallium phosphide, among other materials.
The substrate may further be another type of substrate such
as a silicon-on-insulator substrate or a germanium-on-1nsu-
lator substrate.

In other implementations, when the semiconductor struc-
ture 1s a fin field-eflect transistor, the base may correspond-
ingly include a substrate and a fin protruding from the
substrate.

The base 100 may further include another structure such
as a gate structure, a doped region, an STT structure, and a
dielectric layer. The gate structure may be a metal gate
structure or a polysilicon gate structure.

In some 1implementations, the base 100 further includes an
inter-layer dielectric layer (not shown) located on the sub-
strate and a contact hole plug (not shown) located in the
inter-layer dielectric layer.

The to-be-etched material layer 101 1s a material layer
that subsequently needs to be patterned to form the target
pattern.
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In some implementations, the to-be-etched material layer
101 includes a dielectric layer 115 and a second HM material
layer 116 located on the dielectric layer 115.

The dielectric layer 115 1s used to electrically 1solate
subsequently formed interconnection structures.

In some 1mplementations, the dielectric layer 115 1s an
IMD layer, to provide a process platform for subsequently
forming metal nterconnection structures. The dielectric
layer 115 1s further used to electrically 1solate metal inter-
connection structures 1 a BEOL process.

In some implementations, the target pattern includes an
interconnection opening located in the dielectric layer 115.
The mterconnection opening 1s used to provide a spatial
position for forming interconnection structures. The inter-
connection opening has high pattern precision, and the
formation quality and performance of the interconnection
structures are significantly improved. While adjacent inter-
connection structures become less likely to short circuit, the
pitch between the adjacent interconnection structures has the
designed minimum space, thereby improving the perfor-
mance and reliability of the semiconductor structure.

Specifically, the dielectric layer 115 1s a first IMD layer
used to electrically 1solate first metal interconnection lines.
The first metal interconnection line 1s a metal interconnec-
tion structure closest to a contact hole plug.

In other implementations, the dielectric layer may turther
be an IMD located on the first metal interconnection line and
used to electrically 1solate other interconnection structures.
For example, the dielectric layer 1s a second IMD used to
clectrically 1solate second metal interconnection lines and
clectrically 1solate via structures located between the second
metal interconnection line and the first metal interconnection
line.

Accordingly, the material of the dielectric layer 1s a low
k dielectric material, an ultra-low k dielectric matenal,
s1licon oxide, silicon nitride, silicon oxynitride or the like. In
some 1implementations, the material of the dielectric layer 1s
an ultra-low k dielectric matenial, to reduce a parasitic
capacitance between BEOL metal interconnection struc-
tures, thereby reducing a BEOL RC delay. Specifically, the
ultra-low k dielectric material may be S1OCH.

In other implementations, the dielectric layer may turther
be an inter-layer dielectric layer, to provide a process
platiorm for subsequently forming a contact hole plug. The
inter-layer dielectric layer 1s further used to isolate adjacent
contact hole plugs and 1solate the contact hole plug from a
gate structure. Similarly, the target pattern includes a contact
hole plug located i1n the inter-layer dielectric layer. The
contact hole plug has relatively high pattern precision, and
the formation quality and performance of the contact hole
plug are correspondingly improved. While adjacent contact
hole plugs become less likely to short circuit, the pitch
between adjacent contact hole plugs has the designed mini-
mum space, thereby improving the performance and reli-
ability of the semiconductor structure.

The second HM matenial layer 116 forms a second HM
layer after a subsequent patterning process 1s performed, to
provide a mask for subsequently patterming the dielectric
layer 115.

The material of the second HM material layer 116 may
include one or more of silicon oxide, silicon nitride, silicon
oxynitride, silicon carbide, titanium, titanium oxide, tita-
nium nitride, tantalum, tantalum oxide, tantalum nitride,
boron nitride, copper nitride, aluminum nitride, and tungsten
nitride.

In some 1mplementations, the dielectric layer 115 1s an
IMD layer. Theretfore, the second HM material layer 116 1s
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an MHM matenial layer. Specifically, the material of the
second HM material layer 116 1s titamium nitride. The
titanium nitride 1s a common MHM layer matenial mn a
BEOL process, and helps to improve the process compat-
1bility.

The core layer 111 1s further used to provide a process
basis for subsequently forming the second groove.

The material of the core layer 111 may be silicon, silicon
nitride, silicon oxide or titantum oxide. In some 1mplemen-
tations, the material of the core layer 111 1s silicon.

The first HM layer 107 1s used to define a formation
region for the subsequent second groove. A region between
adjacent first HM layers 107 1s further used to define a
partial region of the first groove 400. Moreover, the first HM
layer 107 1s further used to provide a process platiorm for
forming the side wall layer 112.

Accordingly, the topography, size, and formation position
of the first HM layer 107 are determined according to the
topographies, sizes, and formation positions of the first
groove 400 and the second groove, that i1s, determined
according to an IC design.

In some mmplementations, extension directions of the
plurality of first HM layers 107 are the same, and 1n a
direction perpendicular to the extension direction of the first
HM layer 107, the plurality of first HM layers 107 are
arranged 1n parallel.

The material of the first HM layer 107 1s different from the
maternal of the core layer 111. In some implementations, the
material of the first HM layer 107 1s silicon nitride. An
ctching selection ratio of silicon nitride to silicon 1s rela-
tively large, so that 1t can be ensured that the first HM layer
107 can serve as an etching mask 1n a patterning process of
forming the core layer 111.

In other implementations, the material of the first HM
layer may alternatively be another material of which an
ctching selection ratio to the material of the core layer is
relatively high.

It should be noted that the total thickness of the first HM
layer 107 and the core layer 111 should neither be exces-
sively small nor excessively large. If the total thickness 1s
excessively small, the side wall layer 112 formed on the side
walls of the first groove 400 and the first HM layer 107 1s
correspondingly excessively short, and the side wall layer
112 tends to fail to serve as an etching mask for subsequently
patterning the to-be-etched material layer 101. If the total
thickness 1s excessively large, process materials tend to be
wasted. Moreover, correspondingly, 1t takes a relatively long,
time to remove the first HM layer 107 and the core layer 111
at the bottom of the first HM layer 107 subsequently, and
production capacity may be reduced as a result. In addition,
the first HM layer 107 and the core layer 111 at the bottom
of the first HM layer 107 are further removed subsequently.
If the total thickness 1s excessively large, correspondingly,
the side wall layer 112 1s excessively high as a result, and the
side wall layer 112 1s more likely to collapse. Accordingly,
in some 1implementations, the total thickness of the first HM
layer 107 and the core layer 111 1s 400 angstroms to 1000
angstroms.

Specifically, 1n some 1implementations, to ensure subse-
quent normal pattern transfer and improve the precision of
pattern transier, the thickness of the first HM layer 107 1s
200 angstroms to 700 angstroms, and the thickness of the
core layer 111 1s 200 angstroms to 700 angstroms.

The first groove 400 1s used to provide a process platform
for forming the side wall layer 112. The first groove 400 1s
turther used to define a partial region to be etched 1n the
to-be-etched material layer 101.
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It should be noted that with reference to FIG. 12, in some
implementations, for example, the top-view pattern of the
first groove 400 1s rectangular. An extension direction of the
first groove 400 1s the same as the extension direction (the
direction X shown in FIG. 12) of the first HM layer 107. In
the extension direction of the first HM layer 107, the length
of the first groove 400 1s greater than the length of the first
HM layer 107. Moreover, the widths of the first groove 400
(1n the direction Y shown in FIG. 12) are all equal.

However, the formation position, size, and topography of
the first groove 400 are not only limited to the foregoing
case. In other implementations, according to actual require-
ments of an IC design, the top-view pattern of the first
groove may further have an 1rregular shape. For example, 1n
the direction Y 1n FIG. 12, and compared with a part of the
first groove located between adjacent first HM layers, the
remaining first groove in another region has a larger width.
Alternatively, two ends of adjacent first grooves are con-
nected. That 1s, the first groove surrounds the first HM layer.
After the first HM layer and the core layer at the bottom of
the first HM layer are subsequently removed to form the
second grooves, the first groove and the second groove can
also be 1solated by the side wall layer. Pattern transfer is
performed subsequently to form an 1nterconnection opening
in the dielectric layer. After interconnection structures are
formed 1n the interconnection opening, adjacent intercon-
nection structures can also be i1solated from each other,
thereby preventing the interconnection structure from short
circuiting.

The side wall layer 112 1s used as a partial mask for
subsequently forming the second groove in the core layer
111. The side wall layer 112 1s further used as a partial mask
for subsequently patterning the to-be-etched matenal layer
101.

The material of the side wall layer 112 may be titanium
oxide, titanium nitride or silicon oxide. In some 1implemen-
tations, the material of the side wall layer 112 1s titanium
oxide. Etching selection ratios of titantum oxide to silicon,
s1licon nitride, and S1IOCH are all relatively large, so that the
side wall layer 112 can be kept 1in the subsequent step of
removing the first HM layer 107 and the core layer 111 at the
bottom of the first HM layer 107 to form the second groove,
and the side wall layer 112 can be used as a partial mask for
subsequently patterning the to-be-etched matenal layer 101.

In some 1mplementations, the semiconductor structure
further includes: an etch stop layer 114, located between the
to-be-etched material layer 101 and the core layer 111, the
ctch stop layer 114 1s further located on the to-be-etched
material layer 101 exposed from the core layer 111.

The etch stop layer 114 1s used to define an etch stop
position 1n the step of patterning the core material layer to
form the core layer 111 and the first groove 400 exposing the
to-be-etched material layer 101, so as to protect the to-be-
ctched material layer 101. Moreover the method subse-
quently further includes a step of removing the first HM
layer 107 and the core layer 111 at the bottom of the first HM
layer 107 to form a plurality of second grooves exposing the
to-be-etched material layer 101. The etch stop layer 114 can
also define an etch stop position 1n the step of forming the
second groove, so that while it 1s ensured that the first groove
400 and the second groove can both expose the to-be-etched
material layer 101, the loss of the to-be-etched matenal layer
101 1s reduced.

In some implementations, the material of the etch stop
layer 114 1s silicon oxide. Selection ratios of silicon oxide to
s1licon nitride and silicon are both relatively high, so that it
can be ensured that the etch stop layer 114 can define an etch
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stop position 1n the step of etching the core material layer to
form the first groove 400 and the second groove.

In other implementations, according to the materials of
the core layer, the side wall layer, and the to-be-etched
material layer used 1n an actual process, the material of the
ctch stop layer may alternatively be another material of
which selection ratios to the core layer, the side wall layer,
and the to-be-etched material layer are relatively high, and
1s, for example, silicon nitride, silicon carbide, aluminum
oxide or NDC.

FI1G. 24 1s a top view and 1s a schematic structural diagram
of other implementations of a semiconductor structure
according to the present disclosure.

For the same content in some implementations and the
foregoing embodiment, details are not described herein
again. A difference between some implementations and the
foregoing embodiment lies 1n that the formation position,
s1ze, and topography of a first groove 400q are different from
those 1n the foregoing embodiment.

Referring to FIG. 23, 1 a direction perpendicular to an
extension direction of a first HM layer 1074, 1n a same {irst
groove 400a, compared with a part located between adjacent
first HM layers 107a, the remaining part has a larger width.

In some 1implementations, the first groove 400q 1s not only
located between adjacent first HM layers 1074a, but also 1n
the extension direction of the first HM layer 1074, the first
groove 400a extends to two sides of the first HM layer 107a,
that 1s, the first groove 400a surrounds a part of a side wall
of the first HM layer 107a, to satisty actual requirements of
an IC design.

After the first HM layer 107a and a core layer (not shown)
at the bottom of the first HM layer 107a are subsequently
removed to form the second grooves, the first groove 400a
and a second groove can also be 1solated by a side wall layer
112a.

Correspondingly, after an interconnection structure 1s
subsequently formed in an interconnection opening 1n a
dielectric layer (not shown), adjacent interconnection struc-
tures are 1solated from each other, so as to prevent the
interconnection structures from short circuiting. Moreover,
the pitch between adjacent interconnection structures still
casily has the designed minimum space. In addition, the
layout of the interconnection structures can satisiy require-
ments of an IC design.

FI1G. 27 1s a top view and 1s a schematic structural diagram
of still other implementations of a semiconductor structure
according to the present disclosure.

For the same content 1n some implementations and the
foregoing embodiment, details are not described herein
agaimn. A difference between some 1mplementations
described above and implementations described below lies
in that the formation position, size, and topography of a first
groove 4005 are diflerent from those 1n the implementations
described above.

Referring to FIG. 27, m a direction perpendicular to an
extension direction of a first HM layer 1075, after the first
groove 40056 exposing an etch stop layer 1145 1s formed, 1n
a same first groove 4005, compared with a part located
between adjacent first HM layers 1075, the remaining part
has a larger width. Moreover, two ends of adjacent first
grooves 4006 are connected. That 1s, the first groove 40056
surrounds the first HM layer 1075.

After the first HM layer 1075 and the core layer (not
shown) at the bottom of the first HM layer 1075 are
subsequently removed to form the second grooves, the first
groove 40056 and the second groove can also be 1solated by
a side wall layer 112b.
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Correspondingly, after an interconnection structure i1s
subsequently formed 1n an interconnection opening in a
dielectric layer (not shown), adjacent interconnection struc-
tures are 1solated from each other, so as to prevent the
interconnection structures from short circuiting. Moreover,
the pitch between adjacent interconnection structures still
casily has the designed minimum space. In addition, the
layout of the interconnection structures can satisiy require-
ments of an IC design.

The semiconductor structure may be formed using the
forming method 1n the implementations described above or
may be formed by using another forming method. Refer to
corresponding description 1n the implementations described
above for the detailed description of the semiconductor
structure 1n the present implementations, and details are not
described herein again 1n the present implementations.

The present disclosure 1s disclosed above, but the present
disclosure 1s not limited thereto. Any person skilled in the art
may make various variations and changes without departing
from the spirit and scope of the present disclosure. There-

fore, the protection scope of the present disclosure should be
as defined by the claims.

What 1s claimed 1s:
1. A method for forming a semiconductor structure,
comprising:
providing a base;
forming, on the base, a to-be-etched material layer, a core
material layer located on the to-be-etched material
layer, and a hard mask (HM) matenal layer located on
the core matenal layer;
patterning the HM maternial layer to form a plurality of
discrete HM layers, wherein after the HM layers are
formed, a plurality of openings 1s formed between
adjacent HM layers;
ctching the core material layer between adjacent HM
layers, forming, 1n the core material layer, a plurality of
first grooves exposing the to-be-etched material layer,
and using the remaining core material layer as a core
layer, wherein the etching the core material layer
between the adjacent HM layers comprises:
forming a flattened layer on the core material layer
exposed from the HM layer, wherein the flattened
layer covers the top of the HM layer;
forming a second pattern layer on the flattened layer,
wherein the second pattern layer has a plurality of
opening patterns, a side wall of an opening pattern
located between adjacent HM layers 1s level with a
side wall of the opening, or, an opening pattern
located between adjacent HM layers exposes the
flattened layer that 1s above the opening and 1s above
a part of the top of HM layers on two sides of the
opening; and
sequentially etching the flattened layer and the core
maternial layer along the opening pattern;
forming a side wall layer on a side wall of the first groove
and a side wall of the HM layer;
after the side wall layer 1s formed, removing the HM layer
and the core layer at the bottom of the HM layer, and
forming, in the core layer, a plurality of second grooves
exposing the to-be-etched material layer; and
removing the to-be-etched material layer at the bottom of
the first groove and the second groove by using the side
wall layer and the remaining core layer as masks, and
forming a target pattern 1n the remaining to-be-etched
material layer.
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2. The method for forming a semiconductor structure
according to claim 1, wherein the step of patterning the HM
material layer comprises:

forming a first pattern layer on the HM matenal layer; and

ctching the HM material layer using the first pattern layer

as a mask.

3. The method for forming a semiconductor structure
according to claim 1, wherein the step of forming a side wall
layer comprises:

forming a side wall matenal layer, wherein the side wall

material layer conformally covers the bottom and the
side wall of the first groove, the top and the side wall
of the HM layer, and the top of the core layer exposed
from the HM layer;

removing the side wall material layer located at the

bottom of the first groove, the top of the HM layer, and
the top of the core layer exposed from the HM layer,
and keeping the remaining side wall matenal layer
located on the side wall of the first groove and the side
wall of the HM layer as the side wall layer.

4. The method for forming a semiconductor structure
according to claim 3, wherein the side wall material layer 1s
formed using an atomic layer deposition process or a chemi-
cal vapor deposition process.

5. The method for forming a semiconductor structure
according to claim 3, wherein the side wall material layer
located at the bottom of the first groove, the top of the HM
layer, and the top of the core layer exposed from the HM
layer 1s removed using a maskless dry etching process.

6. The method for forming a semiconductor structure
according to claim 1, wherein:

the step of removing the HM layer and the core layer at

the bottom of the HM layer comprises:

forming a passivation layer on the core layer exposed
from the HM layer and the side wall layer and the
to-be-etched material layer, wherein the passivation
layer exposes the top of the HM layer; and

sequentially removing the HM layer and the core layer
at the bottom of the HM layer using the passivation
layer and the side wall layer as masks, and forming,
in the core layer, the second grooves exposing the
to-be-etched matenal layer; and
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after the second grooves are formed, the method turther

comprises: removing the passivation layer.

7. The method for forming a semiconductor structure
according to claim 6, wherein the material of the passivation
layer 1s a spin-on-carbon (SOC) material, an organic dielec-
tric layer (ODL) material, a bottom anti-reflective coating,
(BARC) matenial, a deep ultraviolet light absorbing oxide
(DUO) material or a dielectric anti-reflective coating
(DARC) matenial.

8. The method for forming a semiconductor structure
according to claim 6, wherein the process of forming the
passivation layer comprises a spin coating process.

9. The method for forming a semiconductor structure
according to claim 1, wherein 1n the step of forming the HM
maternial layer and the core matenal layer, the total thickness
of the HM matenial layer and the core material layer 1s 400
angstroms to 1000 angstroms.

10. The method for forming a semiconductor structure
according to claim 1, wherein 1n the step of forming the HM
matenal layer, the thickness of the HM matenial layer 1s 200
angstroms to 700 angstroms; and 1n the step of forming the
core material layer, the thickness of the core material layer
1s 200 angstroms to 700 angstroms.

11. The method for forming a semiconductor structure
according to claim 1, wherein 1n the step of forming a side
wall layer, the maternial of the side wall layer 1s titanium
oxide, titanium nitride or silicon oxide.

12. The method for forming a semiconductor structure
according to claim 1, wherein:

the to-be-etched matenal layer comprises a dielectric

layer;

the step of forming a target pattern in the remaining

to-be-etched material layer comprises: forming an
interconnection opening in the dielectric layer; and
the forming method further comprises: forming an nter-
connection structure 1n the interconnection opening.
13. The method for forming a semiconductor structure
according to claim 12, wherein the interconnection structure
1s a metal iterconnection line or a contact hole plug.
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